In event-based prospective memory, current theories make differing predictions as to whether intentionrelated material can be spontaneously noticed (i.e., noticed without relying on preparatory attentional processes). In 2 experiments, participants formed an intention that was contextually associated to the final phase of the experiment, and lures that overlapped to differing degrees with the features of the intention-related cues were embedded in the initial phase. When participants were outside of the appropriate responding context (i.e., the initial phase), they exhibited slower latencies to lures that exactly matched the features of their intention compared with other types of lures and control words. In addition, on a final remember/know recognition test, participants reported having greater subjective recollection for the occurrence of the exact-match lures. These results suggest that exact-match lures were spontaneously noticed and differentially processed in the absence of any observable preparatory attentional processes. The findings have implications for the theoretical debate over whether preparatory attention must always be relied upon to notice intention-related material.
People form a multitude of intentions for actions that are not immediately executable. These intentions range from mundane plans, such as taking out the garbage, to more important intentions, such as remembering to take medication. The use of attention and memory to fulfill these intentions is the focus of research broadly labeled prospective memory (e.g., Einstein & McDaniel, 1990) . Event-based prospective memory refers to the cognitive processes that enable completion of intentions through reliance on some environmental cue (e.g., Marsh, Hicks, & Cook, 2005; McDaniel, Guynn, Einstein, & Breneiser, 2004; Smith, Hunt, McVay, & McConnell, 2007 ). An open question centers on whether these cues can spontaneously trigger the intention when attentional processes are not relied upon to notice the cues Smith, 2003) . Toward examining this question, the goals of the current research were threefold. First, we sought to examine if cues encountered in an unplanned context can be noticed as intention-related. Second, if noticing 1 of cues outside of the planned context does occur, we were interested in exploring what processes result in such noticing. Third, we sought to examine the degree of overlap that these cues must share with the intention in order to cause any such noticing.
There are a variety of components that contribute to the eventual completion of event-based intentions. Perhaps the most widely studied component is how the event-based cue is noticed (i.e., the prospective component; Marsh, Hicks, & Cook, 2006) . To study this phenomenon in the laboratory, participants are engaged in an unrelated ongoing task while also possessing an intention to make a special response to some cue or cues that may appear during the task. The preparatory attentional and memory processes theory (PAM) predicts that preparatory attentional processes must be engaged for these cues to be noticed (Smith, 2003; Smith & Bayen, 2004; Smith et al., 2007) . In contrast, the multiprocess view (MPV) of prospective memory asserts that cues in some cases can be noticed spontaneously or automatically (e.g., when the ongoing task sufficiently focuses on the relevant features of the cues; McDaniel & Einstein, 2000) . One measure used to test these theories is the degree of interference to ongoing task processing when people hold an intention. This measure, often referred to as task interference, has been taken as an index of the engagement of preparatory attentional processes allocated toward noticing event-based cues (Marsh, Hicks, Cook, Hansen, & Pallos, 2003; Smith, 2003; Smith & Bayen, 2005) . That is, preparatory attentional processes are capacity consuming and thus interfere with ongoing task processing. Of theoretical import is determining whether cues can be spontaneously noticed in the absence of such attentional processes. Einstein and McDaniel (2010) have suggested that spontaneous noticing of cues should be examined under conditions when task interference has been eliminated. Recently, the approach of context-linking an event-based intention to a distal phase of the experiment has been shown to eliminate task interference occurring in intermediate (i.e., early) phases when the intention is not active (Marsh et al., 2006) . Marsh et al. (2006) developed a three-phase paradigm which consisted of two blocks of lexical decision trials separated by a demographic questionnaire. Participants in this study were given the intention to make a special response to animal words, but only in the third and final phase. Based on comparisons of average word latency between the prospective memory condition and a control condition, task interference was present in the third phase of the prospective memory condition but not in the first phase, which suggests that little, if any, preparatory attention was being devoted to detecting the event-based cues outside of the appropriate context (i.e., in the first phase). Therefore, contextually linking an intention to a distal phase in this paradigm provides a method for examining the nature of cue processing in the absence of task interference.
To address our three goals, we expanded on the three-phase paradigm developed by Marsh et al. (2006) by embedding intention-related items (i.e., lures) in the first phase. Lures possess only some of the characteristics (e.g., semantic or perceptual) that constitute an event-based cue, and thus, they do not require a prospective response. Intention-related lures typically cause slowed responding relative to ongoing word trials when embedded in a prospective memory task (Taylor, Marsh, Hicks, & Hancock, 2004; West & Craik, 2001 ). This slowing has been suggested to result from the similarity in characteristics between lures and the stored intention which lead the lures to be noticed and processed differently than other words in the task (Taylor et al., 2004) . The slowing to lures has been found in tasks when the intention was active and participants were relying on preparatory attentional processes to detect cues. In the present study, we inserted different types of lures in the first phase of Marsh et al.'s three-phase paradigm to determine if participants noticed any or all of these items in the absence of preparatory attentional processes (i.e., spontaneously).
Our primary variable of interest was the degree of interference that was incurred by processing the lures. Assuming no task interference is found in the first phase, slower latencies to respond to any of these different types of lures relative to control items would indicate that the lures are being spontaneously noticed. This concept of lure interference is similar to another measure labeled cue interference (Marsh, Hicks, & Watson, 2002; Marsh et al., 2003) . Cue interference represents the relative slowing to successfully detected cues as a function of the component processes that are necessary to fulfill an intention. These processes may include four separate components: (a) recognition of the cue, (b) verification that the current context is appropriate for responding, (c) retrieval of the intended target action, and (d) coordination of the intended response with the ongoing task (Marsh et al., 2003) . These four processes contribute to slower latencies found on cue trials, and a subset of these processes have been proposed to be the locus of slowing when lures are encountered (Brewer, Knight, Meeks, & Marsh, 2010; Knight, Ethridge, Marsh, & Clementz, 2010) . In accordance, intention-related lures may elicit spontaneous noticing, which could lead to a verification of whether the current context is appropriate for responding. Regardless of what component processes are involved, interference incurred by the intention-related lures in conditions where no task interference is evident would provide evidence for the existence of spontaneous noticing of intention-related material.
Our approach to studying spontaneous noticing is similar to recent work investigating suspended intentions (Einstein et al., 2005, Experiment 5; Scullin, Einstein, & McDaniel, 2009 ). Scullin et al. (2009) gave participants an intention to make a special key press when they encountered either one of two specific words. Upon completion of the trials in which the intention was to be executed, participants were either told that they would need to complete the intention again at a later point or that the intention would not need to be executed again. That is, the intention was either suspended or finished. A short time after these instructions, all participants completed a lexical decision task in which the intention-related cues and control-match words appeared several times. Participants exhibited slower latencies to the intention-related cues relative to the control-match words when the intention was suspended but not when the intention was said to be finished. In addition, the latency to control-match words was not different between the suspended condition and the finished condition. On the assumption that preparatory attention devoted to detecting cues would not be present in the finished condition, Scullin et al. proposed that the slowing to the cues in the suspended condition reflected spontaneous noticing in the absence of preparatory attentional processes.
The assumption that participants refrain from allocating preparatory attention after an intention is completed or finished is not clear. West (2007) found slowed ongoing task latencies indicative of preparatory attention in later phases of an experiment after participants had completed an intention and knew that it would not need to be executed again. Also, Marsh et al. (2006) found that task interference was slow to dissipate after the intention had been canceled. These findings suggest that when an intention is canceled, preparatory attentional processes may not be promptly disengaged (cf. West, McNerney, & Travers, 2007) . Thus, in the Scullin et al. (2009) study, participants in the finished group could have still been allocating preparatory attention which likely would have influenced their performance. Therefore, a finished intention group does not provide an ideal comparison when trying to make inferences about the presence or absence of preparatory attentional processes devoted toward noticing cues. In the current study, we have controlled for this potential limitation by including a condition in which participants were not given a prospective intention at any point in the experiment. This control provides an optimal comparison for assessing the presence or absence of preparatory attentional processes in the intention conditions as well as spontaneous noticing of lures which occur outside of the appropriate responding context.
In addition, the current study further expands upon previous work in several key ways. First, previous research investigating suspended or finished intentions has used specific cues, whereas we used cues that were not known at the outset of the experiment because of their categorical nature in order to avoid possible repetition or priming effects. Second, we varied the type of lures to determine the degree to which the features of the lure must overlap with those of the intention-related cues to elicit spontaneous noticing, if it occurs. Third, we later tested memory for the lures which should provide converging evidence that the lures were differentially processed. Consequently, the current experiments will provide evidence for or against spontaneous noticing in eventbased prospective memory by providing an optimal comparison group for drawing inferences about the absence of preparatory attentional processes, by eliminating the potential confound of previous exposure to the cues, and by providing a more stringent test of the extent to which intention-related lures can be differentially processed in event-based prospective memory.
Experiment 1
In this experiment, we assessed the degree to which lure interference occurred outside of the appropriate responding context. We manipulated the type of lures to determine how the degree of feature overlap between the lures and event-based cues might affect lure interference. The intention in each of the prospective memory conditions was to make a special response to any animal word that begins with the letter "C" (e.g., cougar) in the third phase of the experiment. Two of the prospective memory conditions encountered lures in the first phase, whereas the other prospective memory condition received only control-match words. We manipulated whether the lure words in the first phase partially matched the cues semantically (i.e., we presented animal words that did not begin with the letter "C") or whether they exactly matched the cues (i.e., we presented animal words that begin with the letter "C"). Items could exactly match the cues and still be considered lures because they were presented in the first phase, which was the inappropriate context for executing the intention. The purpose of these manipulations was to assess if lures that are similar to the intention-related cues would be differentially processed relative to control-match words and determine if such processing varied as a function of the similarity between the lures and the cues. Differential processing of either of these lure types, as evidenced by increased lure interference, in the absence of task interference would support the notion that intention-related material can be spontaneously noticed.
Method
Participants. Undergraduate students from the University of Georgia volunteered in exchange for credit toward a course research requirement. The participants were tested in individual sessions lasting approximately 25 min. One hundred fifteen participants were randomly assigned to four conditions, which included a no-lure condition (n ϭ 26), a partial-match lure condition (animal lures; n ϭ 29), an exact-match lure condition (C-animal lures; n ϭ 28; however, two participants' data were discarded as described below), and a no-intention control condition (n ϭ 32).
Materials and procedure. The participants were presented with 210 letter strings, of which 105 were valid English words and 105 were pronounceable nonwords. The words were taken from the Kučera and Francis (1967) compendium. The same source was used to acquire the nonwords, but one or two of the letters were changed to make pronounceable nonwords. Two phases (Phase 1 and Phase 3) of a lexical decision task were presented, and a demographic survey (Phase 2) separated them. We used software that randomly assigned words and nonwords to Phases 1 and 3, both of which consisted of 105 trials. Each stimulus presentation lasted until a response was made. The intertrial interval was paced such that a 3-s "waiting" message appeared on the screen between each trial. Phase 2 was also held constant, as the experimenter allotted 1 min for the participants to complete the demographic survey. For a detailed description of the basic parameters of this three-phase paradigm, see Marsh et al. (2006) .
Participants read detailed instructions on the computer screen which informed them that the experiment consisted of three phases, including a lexical decision task, a demographic survey, and another lexical decision task. For the lexical decision task, participants were told they should press the "J" key with their right index finger when a word appeared and the "F" key with their left index finger when a nonword appeared. Participants in the nointention control condition were given no further instruction. Participants across all prospective conditions, however, were also told that we were interested in their ability to remember to perform an action in the future. Therefore, if they encountered an animal word that begins with the letter "C" (e.g., cougar) during Phase 3 of the experiment, they were to make their word judgment as usual and then press the "/" key during the waiting message. Instructions clearly explained that it was only during Phase 3 that C-animal words required an additional response. C-animal items were randomly selected and embedded on the 25th, 50th, 75th, and 100th trials of the Phase 3 lexical decision task. After the experimenter verbally reiterated the instructions and was sure the participant fully understood, a 2-min distractor task (i.e., a maze-solving task) was administered for all conditions, including the no-intention condition. After commencing the maze task, the prospective memory task was not mentioned again.
The three prospective memory conditions differed according to the type of lures that were embedded in Phase 1 (West & Craik, 1999; Taylor et al., 2004) . Four such lures appeared on the 25th, 50th, 75th, and 100th trials of Phase 1. However, in the no-lure condition, lures were not presented in Phase 1; rather, words control-matched to the animal items on characteristics such as word frequency (mean log HAL frequency; Balota et al., 2007) , syllable count, and length were presented in Phase 1 (see Table 1 ). The no-lure condition provides a baseline measure of processing words that have the same basic word characteristics yet have no relation to the intention. Thus, if interference for lures is found to be greater than that of the control-match words, then such a difference can be attributed to the lures' relation to the intention. The lures in the third condition were partial-match lures, that is, animal words that begin with a letter other than "C" (e.g., horse). Therefore, the lures matched semantically but not orthographically. Animal words that begin with the letter "C" (i.e., exact-match lures) appeared in Phase 1 of the fourth condition. C-animals in this case were considered lures because they did not meet the contextual stipulation that constituted a cue (i.e., they appeared in Phase 1). All lure words across conditions were controlled on the item characteristics previously listed (Table 1) .
Results and Discussion
Cue detection. Cue detection was defined as the proportion of the four cues detected in the third phase. There were no differences in cue detection among the three prospective memory conditions, F(2, 78) ϭ .172, p ϭ .842. Consistent with prior research, cue detection was high in all three conditions (see Table  2 ). These results provide further evidence that contextually linking an intention to a future context promotes high levels of prospective memory performance (e.g., Nowinski & Dismukes, 2005) . In addition, participants rarely responded to lures presented in Phase 1 as if they were cues. Only two participants committed such false alarms, and their data were not included in the analysis because of their failure to follow instructions.
Interference measures. Accuracy on the ongoing task was high across all conditions and phases (at or above 96%). All latency and interference measures can be found in Table 2 . The presence of task interference was calculated by comparisons of mean word latencies for the prospective conditions and the nointention control condition. We eliminated noncue/nonlure word latency trials that fell outside 2.5 standard deviations from a given participant's mean for Phase 1 and Phase 3 separately. We also eliminated all trials in which an incorrect lexical decision was made. Both procedures resulted in a total loss of 4.5% of the data, and excluding these data did not change any of the results reported here. Because of the possibility that participants may have still been engaged in lure/cue-related processes, we did not include lexical decision trials that immediately followed (i.e., five trials after) the lures and cues in the three prospective memory conditions. Task interference was analyzed in a 2 (Lexical Decision Phase: Phase 1 vs. Phase 3) ϫ 4 (Condition) mixed-model analysis of variance (ANOVA). There was a main effect of phase, F(3, 109) ϭ 61.67, p Ͻ .001, p 2 ϭ .36, but the main effect of condition failed to reach significance, F(3, 109) ϭ 1.17, p ϭ .33. Critically, the interaction was significant, F(3, 109) ϭ 4.42, p ϭ .006, p 2 ϭ .11. This interaction reflects the finding that latencies were slower in Phase 3 compared with Phase 1 for the no-lure condition, t(25) ϭ 3.10, p ϭ .005, d ϭ .26; the partial-match lure condition, t(28) ϭ 6.22, p Ͻ .001, d ϭ .99; and the exact-match lure condition, t(25) ϭ 5.21, p Ͻ .001, d ϭ .66. However, this difference was not present in the no-intention control condition, t(31) ϭ 1.55, p ϭ .13. These results replicate previous work in which ongoing task latencies increased when the context was appropriate for the intended action to be executed, whereas a significant increase in mean latency was not found in a no-intention control condition (Marsh et al., 2006) . In addition, word latencies in the first phase did not differ across conditions, F(3, 109) ϭ 2.12, p ϭ 10, despite having .58 power to detect a medium-sized effect and .95 power to detect a large-sized effect (Faul, Erdfelder, Buchner, & Lang, 2009) . As can be seen in Table 2 , participants were not performing the Phase 1 ongoing task more slowly in the three intention conditions compared with the no-intention control condition. In fact, in two of the three prospective memory conditions (including the exact-match lure condition) response latencies were actually faster than in the control condition. Thus, we conclude that there was no task interference in the first phase of the prospective memory conditions. Central to the current goals, we defined lure interference as the average latency to make a word decision on the four lure trials minus the average latency to make the same decision on the nonlure word trials in Phase 1 (i.e., Lure RT -Phase 1 word RT). We only examined lure interference in the three prospective mem- Note. RT ϭ reaction time; I T ϭ task interference; I L ϭ lure interference. For display purposes, task interference reflects Phase 3 RT Ϫ Phase 1 RT. Task interference was inferred from the significant Phase ϫ Condition interaction, which showed that Phase 3 RT and Phase 1 RT did not significantly differ in the no-intention control condition, whereas Phase 3 RT was greater than Phase 1 RT in the intention conditions. Thus, to display clearly these inferred differences, we show task interference here as the difference between Phase 3 RT (when the intention was presumably active for the intention conditions) and Phase 1 RT (when the intention was presumably not active). Lure interference reflects lure RT Ϫ Phase 1 RT. In Experiment 2, participants did not complete the Phase 3 lexical decision; thus, there were no measures of cue detection, Phase 3 RT, or I T for Experiment 2. ory conditions. There was a significant difference across conditions, F(2, 78) ϭ 7.23 p ϭ .001, p 2 ϭ .16. 2 Posthoc analyses using a Student-Newman-Keuls test revealed that the exact-match lure condition resulted in more lure interference than the other two conditions (which did not differ from each other). We also conducted planned comparisons to determine if the lure-interference levels in each condition were significantly different from zero. The results demonstrated that lure interference was significantly different from zero in the exact-match lure condition, t(25) ϭ 4.44, p Ͻ .001, d ϭ .87. Lure interference, however, was not significantly different zero in the no lure condition, t(25) ϭ .36, p ϭ .72, or the partial-match lure condition, t(28) ϭ .88, p ϭ .39. Considering that task interference was not observed in Phase 1, these results suggest that participants spontaneously noticed lures that exactly matched the intention-related cues. The same effect did not occur for the partial-match lures. In sum, intention-related items do seem to be spontaneously noticed, but only when they exactly match the features of the stored intention.
One additional point concerning these data deserves further discussion. Upon visual inspection of the Phase 3 mean response latencies in Table 2 , one may find the minimal increase in mean response latency for the exact-match lure condition compared with the no-intention control condition to be a little suspect (i.e., monitoring in the exact-match condition likely should have resulted in longer latencies for that condition compared with the control condition). However, taking into account the fact that the exactmatch lure condition exhibited a faster mean latency (about 40 ms faster) in Phase 1, when the intention was not active for either condition, it appears that variability between the groups in response latency may explain the minimal numerical difference present between those two groups in Phase 3. Consequently, one may question if the lure-interference effect across conditions can be explained by intergroup variability. Intergroup differences for word-response times in Phases 1 and 3, if anything, trend towards the exact-match condition exhibiting faster response latencies, which is in the opposite direction of the lure-interference effect. This outcome suggests that it is unlikely that random intergroup differences in average response latency produced this effect. Nevertheless, replication of this effect is necessary to further allay concerns, and this was one of the goals of Experiment 2.
Experiment 2
In Experiment 2, we sought to replicate the previous finding of increased lure interference for exact-match lures and assess subsequent memory for the lures. We administered a recognition memory test after completion of Phase 2 to determine if increased lure interference leaves a mnemonic footprint which is accompanied by the subjective awareness that the lures occurred out of context. The remember/know procedure was used to examine whether differential memory performance would be due to greater subjective recollection or increased familiarity for the lures (for a detailed explanation of this memory procedure, see Gardiner, 1988 , or Rajaram, 1993 . We used the final recognition test to provide converging evidence that exact-match lures were processed differently from partial-match lures and nonlures. Theoretically, this differential processing could lead to a stronger subjective experience of remembering the event.
Method
Participants. Undergraduate students from the University of Georgia volunteered in exchange for credit toward a course research requirement. The participants were tested in individual sessions lasting approximately 25 min. Eighty-four participants were randomly assigned to three conditions, which included a no-lure condition (n ϭ 27), a partial-match lure condition (animal lures; n ϭ 28), and an exact-match lure condition (C-animal lures; n ϭ 29; however, one person's data were discarded as described below).
Materials and procedure. The parameters and materials for Experiment 2 were the same as in Experiment 1, with several exceptions. First, we did not test a no-intention control condition. Our primary goal in Experiment 2, beyond replication of the lure-interference effect, was to assess subsequent memory for intention-related lures; thus, a control condition was not necessary. Second, although receiving the same prospective memory instructions as Experiment 1, participants in Experiment 2 never actually completed the final lexical decision task (i.e., Phase 3). Instead, immediately after completion of Phase 2 (i.e., the demographic survey), participants were informed that there was a surprise memory test, and they then received instructions for a remember/ know recognition memory test. The instructions for the memory test made it clear that the test would consist of some words the participants had encountered in Phase 1 of the lexical decision task as well as some words that they had not previously encountered in the experiment. If the participants believed the item to be new, they were to press the spacebar with one of their thumbs. However, if they believed that the item was one that they had encountered in Phase 1, they were to make a distinction about the nature of their memory decision. If they consciously recollected details about encountering the item, the participants were asked to press the Remember key, labeled "R," (i.e., the "J" key on the keyboard) with their right index finger. However, if the item seemed familiar, and they felt that it had been presented earlier, yet they could not retrieve any recollective details about the item, they were instructed to press the Know key, labeled "K," (i.e., the "F" key on the keyboard) with their left index finger. The actual instructions describing this distinction were extensive and the same as we have used in our laboratory previously (e.g., Marsh et al., 2009 ); moreover, they were similar to previous work (e.g., Gardiner, 1988; Rajaram, 1993) . After the participants read the instructions, the experimenter verbally reiterated them. In total, the instructions took about 5 min to deliver, after which the recognition test was administered.
The recognition test consisted of 30 items that were encountered during the lexical decision task and 26 items that were new. Of the 30 old items that were encountered, four were the lure items (and control-match items in the no-lure condition) from each condition, and the remaining 26 were nonlure words. The new items were control-matched to old items and were never presented in the first phase lexical decision task. Recall that the lures across conditions were control-matched (see Table 1 ). Thus, any difference in recollection between lures should be due to their relationship to the previously formed intention.
Results and Discussion
Cue detection. The third phase of the lexical decision task never occurred. But, as in Experiment 1, participants rarely responded to lures presented in Phase 1 as if they were cues. Only one participant committed such false alarms, and these data were not included in the subsequent analyses because of the participant's failure to follow instructions.
Interference measures. Accuracy on the ongoing task was high across conditions (above 96%). The interference measures for this experiment can be found in Table 2 . Aberrant trials were eliminated in the same manner as in Experiment 1, and this resulted in a loss of 4.9% of the data. We also eliminated trials after the occurrence of a lure in the same fashion as in the previous experiment. We found no differences in reaction times across the three conditions, F(2, 80) ϭ 1.07, p ϭ .35, despite having .50 power to detect a medium-sized effect and .90 power to detect a large-sized effect (Faul et al., 2009 ). The measure of lure interference was calculated in the same manner as in Experiment 1. There was a significant difference among conditions, F(2, 80) ϭ 19.01, p Ͻ .001, p 2 ϭ .32 (see Table 2 ). Posthoc analyses using a Student-Newman-Keuls test revealed that the exact-match lure condition resulted in more lure interference than the other two conditions (which did not differ from each other). Planned t tests were conducted to determine if the lure-interference levels in each condition were significantly different from zero. The results demonstrated that lure interference was significantly different from zero in the exact-match lure condition, t(27) ϭ 6.30, p Ͻ .001, d ϭ 1.19. Lure interference, however, did not differ significantly from zero in either the no lure condition, t(26) ϭ 1.23, p ϭ .23, or the partial-match lure condition, t(27) ϭ .27, p ϭ .79. Thus, only exact-match lures (and not partial-match lures) elicited lure interference. This outcome is further evidence that intention-related items can be differentially processed in an unexpected context but only when they exactly match the stored intention. Without a comparison control condition, a definitive statement about the absence of task interference in Phase 1 cannot be made, and thus, it is possible that the differential lure processing may not have occurred spontaneously. However, recall in Experiment 1 of this article and Marsh et al. (2006) no significant task interference was observed in the first phase when the intention was not to be executed. In addition, and with the acknowledgement that crossexperiment comparisons should be interpreted with caution, Phase 1 mean latency in the Experiment 2 exact-match condition was comparable to, if not faster than, the mean latency in the Experiment 1 control condition (see Table 2 ). Thus, it seems unlikely that participants were engaging preparatory attentional processes in Phase 1. Regardless, it is clear that only exact-match lures elicited interference in line with the results from Experiment 1. Now we turn to the recognition memory results to determine if this interference led to increased subjective awareness for their occurrence.
Recognition memory. The recognition data from Experiment 2 can be found in Table 3 . We first analyzed recognition data for the lure words only (including the control-matched words in the no-lure condition), regardless of remember/know classifications.
The results showed no differences across conditions in the hit rate (remember ϩ know responses to lure items), F(2, 80) ϭ 1.34, p ϭ .27; the false alarm rate (old responses given to new items), F(2, 80) ϭ .08, p ϭ .98; or corrected recognition (the lure hit rate minus the overall false alarm rate), F(2, 80) ϭ .97, p ϭ .38. Thus, no overall recognition differences existed for lures across the three conditions.
To assess differential contributions of subjective recollection and familiarity for these same items, we analyzed the proportion of remember and know responses as a function of the total number of these items called old. There was a significant effect across conditions for both remember responses, F(2, 80) ϭ 7.56, p ϭ .001, p 2 ϭ .16, and know responses, F(2, 80) ϭ 6.25, p ϭ .003, p 2 ϭ .14. Considering overall recognition did not differ between conditions, a difference in remember responses across conditions will also result in a concomitant difference in know responses. Thus, the know responses are not discussed further.
3 Posthoc analyses using a Student-Newman-Keuls test revealed that the lures in the exact-match condition were given more remember responses compared with the no-lure and partial-match lure conditions. The latter two conditions did not differ from one another. Thus, differences emerged when we examined the remember/know responses in that exact-match lures elicited more subsequent remember responses compared with the partial-match lures and nonlures. 3 We also analyzed remember and know responses as a difference score between the proportion of nonlures given a remember or know response subtracted from the proportion of the lure words given the same response. This analysis takes into account all nonlure words given a remember and know response and thus controls for any overall differences in responding across each condition. Using this measure, the difference across the remember conditions was significant, F(2, 80) ϭ 4.33, p ϭ .016, p 2 ϭ .098. Posthoc analyses using a Student-Newman-Keuls test showed the same pattern as the analysis of the initial measure of remember responses. Namely, the remember difference score for the exact-match lure condition was higher than the other two conditions. Thus, exact-match lures were given more remember responses compared with the no-lure and partialmatch lure conditions. Although numerical differences existed in the same direction as the analysis on the initial know response rate, the ANOVA on the know difference score did not reach statistical significance, F(2, 80) ϭ 2.34, p ϭ .10. We find these differences in remember responses provoking and suggest that they may reflect greater subjective awareness for the occurrence of exact-match lures which resulted from intentionrelated processing of these items in the first phase. However, these data are open to other interpretations. Participants in the intention conditions may have generated C-animal exemplars when encoding the intention (Ellis & Milne, 1996) , and then only participants in the exact-match condition were subsequently tested on their memory for C-animal words in the final recognition test (i.e., because that was the only condition that encountered C-animal lures in Phase 1). Thus, ignoring Phase 1, one may contend that these results could have been obtained because of a greater match between encoding and retrieval for the exact-match condition (Tulving & Thomson, 1973) . Dewhurst and Anderson (1999) found that previous experience with category members led to increased remember responses when those exact category members were tested on a final recognition test, whereas know responses were increased when memory for other members from that category was tested. Considering that we found increased remember responses on the final recognition test for the C-animals in the exact-match condition, one would have to assume that at encoding participants generated the same C-animals for which memory was later tested. If one accepts this assumption, then drawing from an extensive literature on long-term repetition priming (Bentin & Moscovitch, 1988) , one would also expect response latencies to C-animals in Phase 1 to have been speeded. That is, experience with those items should have primed lexical access and facilitated lexical decisions that were made on those items (Stark & McClelland, 2000; Bentin & Moscovitch, 1988) . However, our data (from both Experiments 1 and 2) reveal the opposite pattern, where responding to C-animal lures was actually slowed compared with other words. Thus, these results are not entirely in line with what one would expect if prior experience with the C-animals (at encoding) was solely responsible for these findings, making this interpretation unlikely. In addition, one may contend that the exact-match lures were more distinctive than the other items which could have led to the observed pattern of results for remember responses. However, considering the similarity in word characteristics for all of the lure types and controlmatch words, it seems unlikely that inherent item distinctiveness can account for the results found here. We propose that intention-related processing of exact-match lures in Phase 1 increased the relative distinctiveness of those items which resulted in a greater proportion of remember responses given for those lures than for the partial-match lures and the nonlures.
With regard to potential concerns about the validity of the lure-interference effect found in Experiment 1, we replicated that effect in Experiment 2. Once again, we demonstrated that exactmatch lures elicited interference, whereas partial-match lures and nonlures elicited no such effect. In fact, the magnitude of the effect found here was larger than that found in Experiment 1 (E1: p 2 ϭ .16 across groups, d ϭ .87 for the one-sample test in the exactmatch lure condition; E2: p 2 ϭ .32 across groups, d ϭ 1.19 one-sample test). Moreover, recent work from our laboratory has replicated this lure-interference effect and shown that the outcome is sensitive to experimental manipulation (Brewer et al., 2010) . Beyond the latency differences, the greater subjective awareness found for the previous occurrence of the exact-match lures in Experiment 2 converges with the latency results to demonstrate differential processing of exact-match lures. Taken alone, the lure-interference effects in Experiment 2 cannot be indisputably attributed to spontaneous noticing. Nonetheless, taken with the Experiment 1 findings, Experiment 2 supports the claim that the interference to lures out of context reported here reflects differential processing of intention-related items that exactly match the features of the stored intention.
General Discussion
The present results provide evidence for the existence of spontaneous noticing of event-based prospective memory cues outside of the appropriate responding context. In Experiment 1, when the first phase of the prospective memory conditions was compared with the first phase of the no-intention control condition, slowing on the lexical decision task was not found. Thus, it appears that preparatory attentional processes were not recruited away from the ongoing task in service of noticing event-based cues. Nevertheless, in Experiment 1, the lures that were exact matches with the stored intention were processed differently, as evidenced by slowed reaction times. Results from Experiment 2 complement these findings of differential processing of exact-match lures by further demonstrating that later subjective recollection for their occurrence was increased. Therefore, the current data support the notion that spontaneous noticing exists and can be an important component of event-based prospective memory.
The results support previous work which has suggested that intention-related material can be spontaneously noticed in the absence of preparatory attention Scullin et al., 2009; Scullin, McDaniel, & Einstein, 2010) . Our results revealed that spontaneous noticing occurs only for lures that exactly matched the intention but not for lures that matched partially. We have not examined all characteristics for which lures could partially match the intention (e.g., lures could partially match orthographically or phonologically); thus, we cannot rule out the possibility that other types of partial-match lures could elicit spontaneous noticing. However, spontaneously noticing orthographic partial-match lures seems unlikely, because Taylor et al. (2004) found that these partial matches did not cause interference when presented in the context in which participants were engaging preparatory attention. When considering the results for the semantic partial-match lures used in the present study, it appears that there must be a considerable amount of feature overlap between the lures and the stored intention to elicit spontaneous noticing. 4 It is important to note that exact-match lures did elicit some type of differential processing out of context in the current study, and this processing, in Experiment 1 especially, appears to be a result of spontaneous noticing.
We contend that the component processes which led to slower latencies when participants spontaneously noticed lures were the recognition of the intention-related material and the verification that the context was inappropriate to respond at that time (Marsh et al., 2003) . These two related processes were likely elicited by the exact-match lures, because they maximally overlapped with features of the stored intention. Once the lure was verified to be in the inappropriate responding context (i.e., Phase 1), intentionrelated processing may have ceased. In a related electrophysiological study, exact cues appearing outside of the appropriate responding context elicited an increased neural modulation over the parietal region indicative of memory retrieval (West, 2007) . West interpreted this finding as reflecting spontaneous retrieval of the intention when the exact cues were encountered out of context. However, this neural modulation associated with memory retrieval may not have reflected intention retrieval per se (i.e., retrieval of the intended action). Instead, the modulation could have reflected recognition of the cue as being previously presented (i.e., retrieval of the earlier occurrence of the word), because he used specific words that were encoded at the beginning of the experiment. Therefore, it is not entirely clear what processes are initiated when intention-related material is spontaneously noticed; thus, further work investigating these processes is warranted.
In Experiment 2, the exact-match lures were subsequently given more remember responses compared with partial-match lures and control-match words. The increase in remember responses reflects the greater amount of subjective recollection for the previous occurrence of exact-match lures. Increased processing of these items at initial presentation would have increased their salience (i.e., distinctiveness) relative to other items that appeared on the recognition memory test (e.g., Rajaram, 1998) . In accordance, a plausible consequence of intention-related processing would be increasing the distinctive nature of the exact-match lures, which could lead to increases in later remember responses similar to those presented here. Under these assumptions, the argument could be made that the overall hit rate also should have increased for the exact-match lures relative to the other conditions. However, increased hit rates may only necessarily track increased remember responses when familiarity cannot also support the memory decision (e.g., inclusion-exclusion tests; see Chan & McDermott, 2007 , for a similar argument). Regardless, the differential levels of subjective recollection dovetail with the reaction-time data to support the idea that exact-match lures were differentially processed.
The present findings are consistent with MPV which proposes that event-based cues can be noticed without having preparatory attentional processes allocated toward noticing those cues. In past research, categorical cues have typically been regarded as nonfocal cues (e.g., . One of the tenets of the MPV regarding spontaneous processing is that it is most likely to occur for focal cues. Our results indicate that, at least for lures experienced out of context, focal processing is not necessary for spontaneous noticing. Upon receiving the intention to make a special response to C-animals, participants may have internally generated items from that category (Ellis & Milne, 1996) . Thus, the maximal feature overlap of the exact-match lures and such generated category exemplars could explain the finding of spontaneous processing when participants were given a categorical intention. However, we have already discussed the limitations of explaining these data according to this exemplar-generation account. An alternative is that an intention to respond to a C-animal may be more focal than one to respond to any animal because of the more restricted category size, even in a context not related to intention retrieval. Thus, the notion of cue focality may be better conceptualized as a continuum rather than a dichotomy.
The current results are easily interpretable within the framework of the MPV. The other extant theory of event-based prospective memory, the PAM theory, would have a more difficult time reconciling these results, especially those of Experiment 1, within its current set of assumptions. Smith et al. (2007, p. 735 ) reflected on the possibility of spontaneous noticing in the absence of any preparatory attention and stated that "successful performance of a PM task accompanied by convincing evidence of no disruption of a sufficiently sensitive and demanding background task . . . would falsify the PAM theory." Obviously, the current results do not completely meet these requirements for contravening the PAM theory, considering that lures appeared out of the appropriate context and did not require a prospective response. However, it is difficult for the current PAM theory to explain how exact-match lures could be spontaneously noticed outside of the appropriate context without any accompanying interference to ongoing activities.
The PAM theory predicts that the engagement of preparatory attentional processes is probabilistic inside and outside of the appropriate responding context, with the probability of engaging in those processes being much higher within the appropriate responding context (Smith et al., 2007) . Considering that the PAM theory acknowledges that preparatory processes have some probability of being engaged outside of the appropriate context, it seems that the PAM theory is not opposed to the notion that intention-related processing of cues can occur outside of the appropriate responding context (when preceded by preparatory attentional processes). Clearly, the PAM theory is a view of how event-based intentions are fulfilled and not just an account of intention-related processing. Intentions are fulfilled, according to the PAM theory, through the interplay of preparatory attentional and memory processes, with preparatory attentional processes always supporting the prospective component (i.e., noticing a cue as relevant to a previously formed intention) and memory processes supporting the retrospective component (i.e., retrieval of the intended action and when it is to be executed; Smith & Bayen, 2004 ). In the current set of experiments, we have sought to examine the prospective component of prospective memory performance. We found no evidence of task interference across the task in the first phase of Experiment 1, yet exact-match lures incurred significant slowing. Experiment 2 revealed that slowing to these lures left a mnemonic footprint indicative of differential processing. Thus, we propose that the prospective component, an integral element of successful prospective memory performance, can, in some cases, be accomplished automatically or spontaneously.
Naturally, one may question the sensitivity of the task used here. A deluge of research in the prospective memory literature using the lexical decision task has found disruption or slowing of lexical decision latencies when one is relying on preparatory attentional processes to notice event-based cues (Marsh et al., 2002 (Marsh et al., , 2003 (Marsh et al., , 2006 Smith, 2003; Smith et al., 2007) . In addition, in the appro-priate responding context (i.e., the third phase) of Experiment 1, when participants were ostensibly relying on preparatory attention, latencies were slowed and interference was evident. Thus, it stands to reason that this task is "sufficiently sensitive." Nevertheless, an argument may be made that in the first phase, the intention could have resided in an above-baseline level state of activation but outside of conscious awareness (e.g., Cowan, 1995) . Therefore, some degree of preparatory attentional processes may have still been devoted to noticing event-based cues. For that argument to be warranted, one would expect the partial-match lures to have elicited slowing as well. That is, Taylor et al. (2004) showed that when participants were relying on preparatory attentional processes to notice event-based cues, the latency to respond to semantically matched lures (i.e., similar to the partial-match lures used in the present experiments) was increased in comparison to controlmatch words. We found no slowing to partial-match lures, which provides further evidence that the engagement of preparatory attention was not present in the first phase. We conclude that these results suggest that MPV can account for a broader range of results than PAM theory. This idea is not surprising, given that MPV is more general in its assumptions than PAM theory. That is, any result which is consistent with PAM theory must necessarily be consistent with the MPV. However, the current study suggests that not all results which are explained by the MPV are as easily handled by the PAM theory. The difference between these two theories hinges on an assumption of whether spontaneous noticing of intention-related material can occur in the absence of any preparatory attentional processes.
The spontaneous activation of intention-related material out of context could cause disruption in everyday situations. However, this spontaneous noticing could also serve as a reminder or a process by which the intention is kept active throughout the delay between intention formation and the opportunity to complete the intention (McDaniel, Einstein, Stout, & Morgan, 2003; Taylor et al., 2004) . The high proportion of cues detected across all conditions precludes drawing any strong conclusions related to the benefits of spontaneously noticing intention-related material out of context because of near-ceiling effects. Nonetheless, considering that intentions are often forgotten (Marsh, Hicks, & Landau, 1998) , it would be beneficial to determine if spontaneously noticing intention-related material out of context serves a compensatory role in protecting against such forgetting. The study of these types of environmental reminders would be particularly informative in this paradigm, given that event-based intentions are less likely to involve automatic initiation processes compared with time-based intentions (Kvavilashvili & Fisher, 2007) . Our laboratory is currently exploring different contextual manipulations to better examine such effects.
Conclusion
Increases in response latency and later subjective recollection for the exact-match lures relative to other words and partial matchlures suggest that these lures were experienced differently when they were encountered. Because in Experiment 1 no task interference was present when the lures were perceived, the increased latency is a result of spontaneous intention-related processes that are activated upon encountering exact-match lures out of the intended context. We propose that the differences found for the exact-match lures are a result of their close relation (i.e., maximal feature overlap) to the intention-related cues themselves. This feature overlap for exact-match lures may elicit such processes as the recognition of the word as related to a previously formed intention and the verification that the current context is not appropriate for responding with the intended action. Our results do not provide definitive evidence that it is only recognition and verification processes that are evoked upon presentation of exact-match lures. Thus, future work is needed to pinpoint the specific processes involved. We conclude that spontaneous noticing of intention-related material presented in the absence of preparatory attention occurs and suggest that such findings should be considered in future theorizing about the processes that subserve detecting event-based cues, both inside and outside of the expected context.
